Observation of self-focusing of intense laser radiation in the experiments with gas cluster targets [1, 2] set the task of theoretical investigation of peculiarities of this phenomenon.
1. For the sake of simplicity let us assume that ionization of atoms in an external homogeneous field, E(t), happens homogeneously across the whole cluster volume. As the result, we come to the model of an ionized cluster as two homogeneously charged spheres: a positively charged "heavy" one, and a negatively charged "light" one. The shift, x, of the centre of mass of the electron subsystem along the field is described with the following equation: ) ( ) ( ) ( 
where n is electron density in the cluster, pc =(4 e 2 n/3m) 1/2 -is frequency of eigenoscillations of the ioinized spherical cluster, m is electron mass, =dx/dt-is velocity of the mass centre motion, and a is radius of the cluster. The first term in Eq. (1) represents the variation of the momentum of the electron subsystem, the second term describes attraction of electron and ion spherical clusters, and the right-hand part is the force, with which the electrons are effected by the external field.
x Further let us assume that internal ionization of the cluster atoms happen in times that are much shorter than the leading edge of the pulse (instantaneously), after which the cluster expands so that the total number of the particles is retained:
Let us determine the polarization associated with the clusters using the dipole momentum, p, of an individual cluster: P c =n c p=en c a 3 x, where n c is concentration of the clusters.
Within the approximation of slow cluster expansion, from Eq. (1) we obtain the following expression for the polarization of the cluster subsystem:
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is determined by the initial size of the cluster, a 0 . It follows from Eq. (3) that nonlinearity of the cluster subsystem is growing as the cluster size grows proportionally as a 7 .
2. In order to describe the dynamic of radiation self-effect at the frequency that is much lower than the eigenfrequency of the ionized cluster, pc / 3 , but exceeds the frequency of the background plasma, bg , let us use the following wave equation:
Analysis of the linear dispersion correlation shows that in the case of low density of the background plasma dispersion of the group velocity of the cluster plasma is normal. In order to obtain nonlinear optics equations let us assume that this size of the cluster grows along the length of the laser pulse smoothly on the scale of the wavelength. As the result, for the com-
plex amplitude of the wave field envelope, E(z,t,r ) = A(z, =z-z c (t),r ) exp (ik z z -(z,t))
we obtain, within the adiabatic approximation, an equation 
The coefficients in this equation are made dimensionless in such a way as to make parameter d equal to unity (d max = 1) in the case of the maximum size of the cluster, a max (at the trailing edge of the pulse).
3. Within Eq. (6) with constant coefficients, when there is no term that describes the dependence of the group velocity on the wave packet amplitude (second component), the self-effect dynamic is studied in full detail. In a medium with normal dispersion of the group velocity the regime of self-focusing of 3D wave packets is possible for the beams with their power exceeding the critical power of self-focusing (see [3, 4] and literature cited therein). In the case of the cluster plasma under consideration the local critical power of self-focusing will be 0 2 2
where P 0 =11.7 is dimensionless critical power of the axially-symmetrical homogeneous wave beam.
Significant peculiarities into the pulse behaviour is introduced by the dependence of the group velocity on the amplitude of the wave packet. For the initial distribution described with a real-valued function, the centre of mass, c (z) ) moves towards the trailing edge of the pulse, where the size of the cluster is growing. Evidently, this conduces to fulfilment of the self-focusing condition, since the critical power (7) is reduced dramatically (~a -7 ). This must have been the reason for the fact that the numerical investigation of evolution of 3D axiallysymmetrical packets with the Gaussian shape showed that for all types of group velocity dispersion (normal, combined, and abnormal) the dynamic of the system evolved in a similar way.
To illustrate this, Figures 1 and 2 show the results of solving Eq. (6) numerically under the conditions of the normal dispersion. A noticeable intensification of the field in the backward part of the pulse is associated with the growth of the cluster size and the corresponding decrease in the critical power. The structure of the isolines in the peripheral part of the wave packet demonstrates the process of fragmentation that starts to show, as in the case of normal interaction in a medium with the normal dispersion. However, the characteristic longitudinal scales that arise in this case prove to be so small that rigidity of the calculations is lost. Figure 2 demonstrates a dramatic growth of the field at its maximum (by 50 times as compared with the initial level at time z ~0.875) and a shift of the centre of mass of the wave packet.
This regime of self-effect differs significantly from the corresponding process in the framework of Eq. (6) with constant coefficients and no nonlinear dissociation taken into account:
fragmentation of the pulse in two becomes stabilized, pulse duration shortens visibly, and the maximum value of the field grows. In terms of the experimental observation of the self-focusing of laser radiation in the cluster plasma let us give the following estimation. Basing on the data of [2] it is easy to obtain the following expression for the critical power of the self-focusing (7):
It is seen that for the peak power of the radiation, ~10 10 W [2] , the threshold conditions for observation of the effect are fulfilled, if the size of the cluster in the region of the field maximum will become more than double as compared to the initial value, a 0 .
Thus, propagation of high-power laser radiation in the cluster plasma should be accompanied by a sharp increase of the field maximum and a decrease in the pulse duration. The mechanism of self-effect associated with electron nonlinearity of expanding plasma clusters manifests itself mostly in the trailing part of the pulse. More reliable estimations and detailed studies of the effect are possible with further experimental refinement of the data about the medium parameters (density of the background plasma, density and expansion rate of the clusters, etc.).
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